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In  the previous studies  on  normal  and  suprarenalectomized  rats, 
it was found that  suprarenalectomy results in an early depression in 
hemolysin forming capacity during several weeks following the opera- 
tion  (1,  2).  Traumatization  of  the  perisuprarenal  tissue  had  the 
same  effect  on  hemolysin  formation  as  suprarenalectomy.  In 
traumatizing the perisuprarenal tissue the nerve and vascular supply 
of the suprarenal gland are undoubtedly severely injured.  It has been 
thoroughly  established  by the  work  of  Dreyer  (3),  Tscheboksaroff 
(4),  and  Stewart  and  Rogoff (5)  and others that  the output of epi- 
nephrine  from the suprarenal  gland is controlled by a  nervous mech- 
anism,  and  that  interruption  of  the  nervous  pathway  results  in  a 
diminution  of the  epinephrine  output.  In  this  connection,  it  is  of 
interest  to  determine  the  influence of epinephrine  injections  on  the 
antibody formation  in normal  and  suprarenalectomized  rats. 
Josue and Paillard  (6) found  that injections of epinephrine had no influence 
on opsonin formation.  Hrma (7) was unable to observe an effect from injections 
of epinephrine on the hemolysin titer or complement content  of the serum of 
rabbits though Pinner  (8) noted a decrease in the complement titer of guinea pig 
serum.  Bijlsma  (9)  did not  succeed in  varying  the  agglutinin  or hemolysin 
forming  capacity of normal  and  unilaterally  suprarenalectomized  rabbits  by 
epinephrine injections.  Borchardt  (10) noted an increase in typhoid agglutinins 
in  human  beings  following the  injection  of  epinephrine  subcutaneously  ad- 
ministered 20 days after the injection of the typhoid vaccine.  Oda (11) likewise 
observed an acceleration of the typhoid agglutinin formation following injections 
of epinephrine in human  beings.  The  bactericidal  action  of serum of rabbits 
following the  subcutaneous  or intraperitoneal  injections  of epinephrine  is  in- 
creased.  Large doses of epinephrine, however, exert an opposite effect (12). 
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Method. 
In  all  the  experiments  recorded  Mulford's  "adrenln"  was  used  (1/1000). 
Dilutions were made in physiological saline and all injections were administered 
subcutaneously.  The  daily amounts  used  for  each  rat  were  brought  up  to  a 
total volume of 1 cc. with physiological saline and this quantity was administered 
in two injections of 0.5 cc. each at intervals of 6 hours.  All the rats used in the 
experiments recorded in this communication were normal adult albino rats ap- 
proximately 4 months old.  Titers were determined 5,  8,  11,  and  14  days sub- 
sequent to the injection of the antigen.  The antigen employed in all instances 
was a single intraperitoneal injection of 1 co. of a 10 per cent suspension of sheep 
cells. 
In determining the titer of hemolysin present ]n the serum, progressive dilu- 
tions of the rat serum to be tested were made.  .1 cc. of a 5 per cent suspension 
of sheep cells and 2½ units of complement were added.  The total volume of each 
tube was brought up  to  1 cc. with physiological saline.  The  tubes were incu- 
bated at 37 ° during 30 minutes and readings were made immediately.  Traces of 
hemolysis equivalent to  a  one plus or lesser reading on  a  scale in which four 
plus represents complete hemolysis, were disregarded.  That  dilution in which 
hemolysis was partial but definite, that is, a  two plus reaction, was read as the 
titer of the hemolysin present in the serum. 
In the first group of experiments the daily quantity of adrenin injected was 
kept constant but the number of days that the adrenln was administered prior 
to and subsequent to the injection of the sheep cells varied.  Thus three series 
were used in this group.  All rats in this group received 0.4 nag. of adrenln per 
kilo per day in  two  doses.  In  all instances a  24  hour period was  allowed to 
intervene before and after the injection of sheep  cells during which period no 
adrenin was given.  This was done to eliminate any possible immediate influence 
of epinephrine on the absorption of antigen into the circulation.  The first series 
was given injections of adrenin during 3 days prior and 4 days subsequent to the 
injection of the antigen.  The second series received the injections only during 4 
days subsequent to the injection of antigen.  The third series of the first group 
was injected only during 1 day prior and  2 days subsequent to the injection of 
sheep cells. 
In the second group of experiments, the number of injections  was kept con- 
stant but the daily quantity injected was varied.  Thus  all rats in this  group 
received injections of adrenin during 3 days prior and 4 days subsequent  to the 
injection of sheep cells.  One series, however, received 0.08 mg. per kilo per day 
or one-fifth the quantity employed in the first group  of experiments.  A second 
series received daily injections of 0.02 rag. per kilo per day or one-twentieth the 
quantity.,  A  third  series  received 0.01  rag.  or  one-fortieth,  a  fourth  series, 
0.006 rag. or one-sixtieth the amount used in the first  group o~ experiments. 
In all series control rats were injected with equivalent volumes of physiological 
saline in  two  daily injections.  Hemolysin formation  in  normal rats  was  also 
studied. j.  MARMORSTON-GOTTESMAIW AND DAVID PERLA  227 
TABLE  I. 
Effect  on  the  Hemolysin Formalion  in Normal  Rats  of Subcutaneous  Injections  of 
Adrenin  in Amounts  of 0.4  Mg.  per Kilo per Day  in 2  Doses,  Administered 
during 3  Days Prior and 4  Days Subsequent to the Injections of I  Cc. of a 
10 Per Cent Suspension of Sheep Cells. 
Rat No.  Weight 
Total*  daily  No, of days  No. of 
adrenin  injections 
amt. of  •  injected  adrenin  sdrenin 
Titer 
5th day  8th day  llth day  14th day 
gm.  ~g. 
256  260  0.i  7  14  800  Died 
257  220  "  "  "  0  0  0 
258  240  "  "  "  80  800  400 
259  190  "  "  "  30  200  160 
260  195  "  "  "  200  300  200 
261  280  "  "  "  0  200  40 
290  250  "  "  "  160  300  300 
291  215  "  "  "  600  300  300 
292  200  "  "  "  160  160  300 
293  290  "  "  "  400  Died 
294  280  "  "  "  1,600  800  1,600 
296  190  "  "  "  60  80  Died 
360  150  0.06  "  "  400  360?  80 
361  140  "  "  "  80  300  Died 
362  160  "  "  "  150  400  D~d 
363  170  "  "  "  400  800  0 
364  190  "  "  "  4,000  2,000  60 
365  190  "  "  "  800  600  0 
Saline controls 
1 CC.  "  " 
~  cc  gc 
Normal rat 
297  240  --  --  --  12,000  4,000  4,000 
295  ~  ~  ~  2,000  300  300 
397  24O 
262  190 
356  220 
398  190 
298  230 
299  20O 
366  225 
367  230 
6,000  Died 
4,000  400  D~d 
6,000  3,000  200 
12,000  4,000  160 
12,000  2,000  1,000 
6,000  1,000  1,000 
1,600  800  80 
4,000  4,000  100 
60 
100 
100 
160 
160 
100 
200 
8O 
2OO 
400 
200 
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TABLE  II. 
Effect on the Hemolysin Formation  in Normal Rats of Subcutaneous  Injections of 
Adrenin in Amounts of 0.4  Mg. per Kilo per Day in 2 Doses, Administered 
during  4  Days  Subsequent  to  the  Injection  of 1  Cc.  of a  10  Per  Cent 
Suspension  of Sheep Cells. 
Rat No. 
340 
341 
342 
343 
344 
345 
346 
347 
264 
265 
Weight 
gm. 
140 
155 
155 
140 
170 
160 
140 
140 
200 
210 
Total 
daily 
amt. df 
adrenin 
r~g. 
0.06 
~c 
c¢ 
1  CC. 
No. of days  No of 
adrenin  injections 
injected  adrenin 
4  8 
c~  cl 
cC  cc 
ct  cl 
~t  cc 
SaIin~ controls 
~¢  I  tt 
tc  ¢C 
Normal rats 
Titer 
5th day 
200 
40 
400 
400 
1,600 
3,000 
4,000 
400 
6,000 
18,000 
,8th day 
40 
160 
160 
400 
1,600 
400 
80 
1,600 
6,000 
llth day 
10O 
40 
20 
60 
300 
600 
80 
0 
300 
2,000 
14th day 
20O 
40 
4O 
20 
200 
80 
0 
60 
200 
TABLE  IlL 
Effect on the Hemolysin Formation  in Normal Rats of Subcutaneous  Injections of 
Adrenin in Amounts of 0.4  Mg. per Kilo per Day in 2 Doses, Administered 
during  1 Day Prior and 2 Days Subsequent to the Injection of ICc. of a 
10 Per Cent Suspension  of Sheep Cells. 
Rat No. 
330 
331 
332 
333 
334 
335 
336 
338 
339 
Weight 
gm° 
150 
145 
145 
160 
140 
150 
140 
140 
150 
Total 
daily 
amt. of 
adrenin 
rag. 
0.06 
C¢ 
C~ 
~c 
~t 
1 cc. 
No of days]  No. of 
adrenin  injections 
injected  adrenin 
3  6 
cc  t* 
Saline controls 
Normal controls 
Titer 
5th day 
16,000 
16,000 
8,000 
16,000 
8,000 
4,000 
32,000 
32,000 
2,000 
8th day 
3,000 
1,600 
1,000 
3,000 
600 
600 
4,000 
4,000 
100 
llthday 
600 
200 
200 
400 
100 
60 
800 
1,000 
10 
14th  day 
200 
160 
200 
200 
80 
20 
300 
200 
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I.  The Effect on Hemolysin  Formation of Subcutaneous Injections  of 
Epinephrine in Amounts of 0.4 Mg. per Kilo per Day. 
In the first series the epinephrine was administered during 3 days 
prior and 4 days subsequent to the injection of sheep ceils.  In this 
series 28 rats were used, of which 18 were treated with epinephrine, 8 
were saline controls, and 2 normal controls.  The hemolysin formation 
in the epinephrine treated rats was markedly depressed in 17 of the 
TABLE  IV. 
Effect on the Hemolysin Formation in Normal Rats of Subcutaneous Injections of 
Adrenin in Amounts of 0.8 Mg. per Kilo per Day in 2 Doses, Administered 
during 3 Days Prior and 4 Days Subsequent to the Injection of I  Co. of a 
10 Per Cent Suspension of Skeep Cells. 
Rat No. 
350 
351 
352 
353 
354 
355 
356 
359 
Weigh~ 
gm. 
260 
255 
250 
26O 
255 
258 
255 
258 
Total 
daily 
amt. of 
adrenin 
mg. 
0.02 
1  CC. 
No. of days  No. of 
adrenin  injections 
injected  adrenin 
7  14 
LC  ~g 
c~  cc 
Saline control 
Normal control 
Titer 
5th day 
6,000 
2,000 
800 
800 
800 
600 
6,000 
2,000 
8th day 
8,000 
2,000 
800 
600 
1,000 
200 
3,000 
llthday 
400 
200 
160 
160 
60 
40 
200 
300 
14th day 
400 
Died 
160 
30 
20 
160 
200 
200 
18 rats.  One gave a normal titer.  The average initial titer in these 
rats* was  1/328  as compared to the average titer of normal rats of 
1/7000.  The saline control rats gave normal titers.  This depression 
was  strikingly  consistent  throughout  the  experiment.  The  most 
marked depression was noted in this series. 
In the second series the same daily quantity of epinephrine was 
given during 4 days subsequent to the injection of the antigen.  Ten 
rats  were used,  of which 6  were treated with  epinephrine,  2  were 
saline controls, and 2 normal rats.  The average titer of the treated 
* A  single normal reading of 1/4000  was omitted in  this average.  Including 
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rats  was  1/940  or  still  definitely  lower  than  the  normal  or  saline 
control  rats. 
The  third  series  of  the  first  group  received the  same  large  daily 
injections  of  epinephrine  but  only  during  1  day  prior  and  2  days 
subsequent  to the injection of the sheep cells.  Nine rats were used, 
of which 6 were injected with epinephrine,  1 with saline solution, and 
2  were normal rats.  All gave high normal titers. 
TABLE  V. 
Effect on the Hemolysin Formation in Normal Rats of Subcutaneous  Injections of 
Adrenin in Amounts of 0.02 Mg., 0.01 Mg., and 0.006 Mg. per Kilo per Day 
in 2  Doses,  Administered  during 3  Days Prior and 4  Days Subsequent 
to the Injection of 1 Co. of a 10 Per Cent Suspension of Sheep Cells. 
Amt. of  Total  No. of  No. of 
Rat No.  Weight adrenin  daily  days  injec- 
per kg.  amt.  of  adrenin  tions 
adrenin  injected adrenin 
g•.  r~g.  mg. 
385  230  0.02  0.005  7  14 
386  225  "  "  "  " 
387  260  "  "  "  " 
388  260  "  "  "  " 
389  250  0.01  0.0025  "  " 
390  275  "  "  "  " 
391  220  "  "  "  " 
392  230  "  "  "  " 
393  280  0.006  0.0015 
394  220  "  " 
395  225  "  " 
396  220  "  " 
397  225  1 cc. 
398  222  " 
m 
cc  ~ 
Saline controls 
Titer 
5th day 
1,600 
12,000 
10,000 
1,000 
3,000 
8,000 
1,600 
6,000 
1,600 
2,000 
4,000 
4,000 
6,000 
12,000 
8th day 
300 
4,000 
Died 
80O 
Died 
4,000 
2,000 
2,000 
1,000 
800 
Died 
2,000 
Died 
4,000 
11  th day 
100 
8OO 
100 
100 
400 
160 
60 
160 
600 
160 
14th day 
4O 
2OO 
4O 
60 
100 
40 
40 
100 
II.  The  Effect  on  ~he  Hemolysin  Formation  of  Varying  Quantities  of 
Epinephrine,  Administered  during  3  Days  _Prior  and  4  Days 
Subsequent to the Injection of Sheep Cells. 
The  first series received 0.08  rag.  adrenin per kilo per day or one- 
fifth the  amount  used in the first  group of experiments.  Eight  rats 
were  used,  of which  6  were  injected with  epinephrine,  1  with  saline ~. MARMORSTON-GOTTESMAN  AND  DAVID  PERLA  231 
solution, and  1 was a  normal rat.  The average titer of the treated 
rats  was  1/1800  or  slightly less than  normal.  The depression was 
less marked than when the larger amounts were used. 
The next three series were run in a  single experiment.  Fourteen 
rats were used.  Four received daily injections of 0.02 mg. per kilo, 
4, 0.01 mg. per kilo, 4, 0.006 mg. per kilo.  There were 2 saline controls. 
The titers  in all  instances,  when these smaller amounts were used, 
were normal. 
DISCUSSION. 
The pharmacological effects of injections of epinephrine have been 
the subject of extensive experiments.  Very little, however, is known 
of its influence on the phenomena of immunity.  We have noted a 
marked depressant  effect on antibody  formation of  repeated injec- 
tions of large quantities of epinephrine administered for several days 
prior  and  several  days  subsequent  to  the  injection  of  antigen  in 
normal  adult  albino  rats.  When smaller  quantities  were  admin- 
istered the same number of times, the  depression was less marked. 
The  same  daily  quantities  administered  during  a  shorter  period 
depressed the titer to a less degree.  The range of effective amounts 
of epinephrine was determined.  With small quantities there is little 
effect or perhaps  a  slight rise  above the  normal.  The quantity  of 
epinephrine injected  in the  first  group  of  experiments  produced  a 
glycosuria, which persisted during  12  hour~ following the injection. 
The rats reacted to this quantity of epinephrine by extreme restless- 
ness followed by a short period of depression.  In some instances the 
rats were depressed from the start and dragged their hind legs about 
as  if they  were  paralyzed.  This,  however,  wore  away  in  a  few 
minutes. 
In a recent study on the relation of the reticulo-endothelial system 
to the glands of internal secretion, Leites and Riabow  (13)  noted a 
depression in the phagocytic power of the  reticulo-endothelial  cells 
following an injection of a  large  amount of epinephrine.  This was 
determined by the rapidity of disappearance from the circulation of 
sugar  of  iron  (ferri  oxidum  saccharatum)  injected  into  the  blood 
stream of rabbits.  They contend that large amounts of epinephrine 
exhaust these cells.  If the lymphoid and reticular elements play a 232  SUPRA_RENAL  GLAND.  III 
r61e in antibody formation,--and considerable evidence to this effect 
has already accumulated,--it is possible to explain the action of large 
amounts of epinephrine on antibody forming capacity in this manner. 
The  opposite  effect  noted  by  some  observers  using  a  single in- 
jection of a  small amount of epinephrine does not in any way con- 
tradict  this  interpretation.  We  have  not  exhausted  the  possible 
methods of administrating epinephrine and it is possible that we shall 
find in some instances, when small amounts are used, a slight stimu- 
lating effect. 
It has been found that removal of the suprarenals results in a de- 
pression  in  hemolysin  forming  capacity  during  the  early  period 
following the operation  (2).  The administration of large quantities 
of epinephrine in normal rats has a similar effect.  In both instances 
there is apparently an exhaustion of the antibody forming mechanism. 
SUMMARY. 
The effect of subcutaneous injections of varying amounts of  epi- 
nephrine on  the  hemolysin formation of normal  adult  albino  rats 
was studied.  In one group of experiments the rats received 0.4 mg. 
per kilo per day in two injections during 3  days prior and  4  days 
subsequent to the injection of sheep cells.  Another series received 
the same daily amounts but only during 4  days subsequent to  the 
injection of antigen.  A third series received the same daily amounts 
only during 1 day prior and 2 days subsequent to the injection of 
sheep cells.  In a  second group of experiments smaller amounts  of 
epinephrine were given during 3 days prior and 4 days subsequent to 
the  injection of  antigen.  The  amounts  used  were  1/5th,  1/20th, 
1/40th, and 1/60th the daily quantity of epinephrine injected in the 
first  group of experiments. 
CONCLUSION. 
Large amounts of epinephrine injected repeatedly before and after 
the  injection of  antigen  depress the  antibody forming  capacity of 
normal adult  albino  rats  to  a  marked  degree.  The  depression in 
antibody formation is roughly proportional to the quantity  of epi- 
nephrine  injected.  Small  amounts  have  no  detectable  effect  on 
antibody formation. J.  MAI~ORSTON-GOTTESM-AN AND DAVID PERLA  233 
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